Despite its biological richness, the rodent and marsupial fauna of many parts of the Amazon Basin remains poorly known and the efficacy of different methods in assessing its diversity are poorly understood. We present results of small mammal trapping at a previously unsurveyed site in the Xingú Basin of the southeastern Amazon, Pará, Brazil; provide details on a new method for arboreal trapping; and compare species richness among traps at different heights and between different trap types. Mammals were livetrapped at 3 trap heights: ground, understory (1-3 m above ground), and canopy (mean height ¼ 11.5 m 6 3.2 SD, range ¼ 4.8-16.8 m, n ¼ 76 trap stations). We recorded 1,769 captures of 1,178 individuals of 8 marsupial and 17 rodent species in 38,090 trap-nights (or 19,320 station-nights, where a station-night consisted of 1 Sherman and 1 Tomahawk live trap at 1 height for 1 night). Overall trap success was 6.1 individuals per 100 station-nights; success by trap position was 9.0% for ground (7,850 station-nights), 4.7% for understory (7,850 station-nights), and 2.9% for canopy (3,490 station-nights). Success by trap type was 4.7% for Shermans and 5.9% for Tomahawks, with Tomahawk traps showing a more rapid accumulation of species. Rarefied species accumulation curves showed little improvement with the inclusion of canopy trapping, which we attribute to high variability in the development of vertical structure at the site. We suggest that in areas with low and often-broken canopies, only ground and understory traps need be employed for long-term studies; however, some form of canopy trapping should be used during initial surveys so that the utility of arboreal trapping can be evaluated.
The Amazon Basin is the world's most biologically diverse forest ecosystem; however, despite the efforts of numerous biologists, many gaps still exist in our knowledge of the mammals of this ecologically rich region. Particularly poorly studied are small mammals in the orders Rodentia and Didelphimorphia (Peres 1999; Voss and Emmons 1996) , which may comprise 44-64% of nonvolant mammal species in an area, but have only been extensively surveyed at a handful of sites (Voss and Emmons 1996) . This lack of knowledge is striking given the important roles that these small mammals can play in tropical systems, where they act as seed predators (Adler 1995; Asquith et al. 1997; Hoch and Adler 1997; Terborgh et al. 2001 ) and seed and mycorrhizal fungal spore dispersers (Adler and Kestell 1998; Mangan and Adler 2000) and can greatly affect forest regeneration (Asquith et al. 1997; Struhsaker 1997; Terborgh 1992; Terborgh et al. 2001) .
The paucity of Amazonian sampling sites is accompanied by poor understanding of the efficacy of different sampling methods in censusing the small mammal fauna of tropical forests. Differences in behavior, habitat use, diets, body size, and use of vertical strata influence the effectiveness of different trap positions and trap types in capturing small mammal species and, as a result, no single methodology will be effective at recording the presence of all species in an area (Voss and Emmons 1996; Voss et al. 2001) . At the same time, field studies are typically constrained by time and money, and in many circumstances it is not possible for researchers to employ all possible methods. Under these circumstances, the researcher must select methods that are the most efficient in terms of costs and time given the study objectives.
These logistical considerations apply particularly to arboreal small mammals, which are even less well studied than terrestrial taxa because of the logistic difficulties of placing traps in the canopy. Although studies that include a canopy trapping component have become increasingly common (e.g., Grelle [2003] , Leite et al. [1996] , Stallings [1989] , Vieira [1998] , Vieira and Monteiro-Filho [2003] , and Viveiros de Castro and Fernandez [2004] in the Atlantic forest and CharlesDominique et al. [1981] and Voss et al. [2001] in French Guiana), only 2 previous studies have undertaken extensive sampling of canopy small mammals in the Amazon (Malcolm 1995; Patton et al. 2000) . These various studies have often found a rich arboreal fauna that was not revealed in terrestrial sampling. Although several methods for placing traps in the canopy have been published (see Malcolm 2004) , they tend to be either labor-intensive, involving the climbing of trees (e.g., Kays 1999; Malcolm 1991) , or material intensive, involving the construction of specialized boxes (e.g., Vieira 1998) . Such limitations might render these methods unusable at remote field sites where labor supply or safety concerns may make climbing unfeasible, or where transportation costs prevent importing large quantities of materials. Because of these costs, it also is important to determine whether such canopy trapping is worth the effort in comparison to trapping in the forest understory, which also captures arboreal species, but is much simpler. For example, several studies have found that after anthropogenic disturbances, arboreal taxa tend to shift their activity closer to the forest floor (Malcolm 1997; Malcolm and Ray 2000; Strusaker 1997) , with the net effect that understory traps may be nearly as effective canopy traps in capturing canopy-dwelling species. Similarly, at undisturbed sites with a low or broken canopy, canopy trapping may be unnecessary because these species may be more likely to venture nearer the ground.
In light of these shortcomings, objectives of this paper are to document the small mammal community at a previously unsurveyed site in the southeastern Amazon, to present a novel canopy trapping method that is neither labor-intensive nor material-demanding, and to compare rates of accumulation of species as a function of trap height. In addition to trap height, we also address the utility of 2 livetrap types in contributing to species accumulation: Tomahawk wire-mesh traps (41 Â 13 Â 13 cm) and Sherman aluminum traps (23 Â 9 Â 8 cm). Many small mammal studies have made use of a combination of these 2 trap types (e.g., Lambert and Adler 2000; Lambert et al. 2003; Malcolm 1991; Malcolm and Ray 2000) and the use of these traps in combination has become somewhat of a standard. Unfortunately, no study that we are aware of has directly compared the utility of these 2 trap types.
MATERIALS AND METHODS
Study site.-The study was conducted in the Kayapó Indigenous Area of southern Pará, Brazil, in the vicinity of the Pinkaití Research Station (78469140S, 518579430W). The Kayapó Indigenous Area is 1 of 6 legally ratified indigenous territories controlled by the Kayapó that together encompass more than 13 million ha of forest and savanna along the Xingú River, a major southern tributary of the Amazon. Large parts of the area are pristine, and the Kayapó Indigenous Area hosts an intact flora and fauna that includes numerous rare and endangered species. The enormous area of the Kayapó Indigenous Area is occupied by a small population of indigenous Kayapó who derive their living primarily from hunting, gathering, and small-scale agriculture. However, logging for mahogany (Swietenia macrophylla) has occurred widely throughout the area since 1984. Such harvesting has been restricted to local mahogany concentrations and large tracts of undisturbed forest and savanna are common. The Pinkaití Research Station consists of an 8,000-ha reserve that is unlogged and has been protected from hunting since 1992 (Zimmerman et al. 2001) . The protection of the reserve has been particularly effective, as evidenced by the fact that during that last 4 years, we know of only 1 incursion into the reserve by a Kayapó hunting party and large mammals are very abundant in the area (Nascimento 1999) .
Despite the general lack of human disturbance within the Kayapó Indigenous Area, forest structure at the site is very heterogeneous with frequent gaps, an often low canopy (mean canopy height ¼ 17.1 m 6 6.3 SD, range ¼ 5.2-41.8 m, n ¼ 210), and dense understory vegetation (Lambert 2004; Lambert et al. 2005; Peres and Baider 1997) . Average annual rainfall, in the town of Redenção (220 km from Pinkaití) was 1,640 mm/year (Peres and Baider 1997) ; rainfall measured at the study site between February 2002 and February 2003 (the main period of trapping for this study) was 1,522 mm. Elevation at the site ranges between 230 and 400 m (Peres and Baider 1997) .
Livetrapping.-Small mammal trapping was carried out in 2 phases, a pilot effort conducted between May and July 2000 and a larger effort between June 2002 and March 2003 in which the effects of logging on small mammal communities were examined (Lambert 2004; Lambert et al. 2005) .
During the pilot effort, linear traplines were used that were composed of 15 trap stations spaced at 20-m intervals (n ¼ 12 traplines, with 1 sampled twice for a total of 13 trapline sessions). In most cases, a Tomahawk live trap (41 Â 13 Â 13 cm; Tomahawk Live Trap Co., Tomahawk, Wisconsin) and a Sherman live trap (23 Â 9 Â 8 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) were used both on the ground and in the understory (tied with wire or a small bungee cord to vegetation 1-2 m above ground) at each station. Three additional traplines had only 1 Sherman at each of the 2 heights and consisted of only 9 or 10 stations. Traps were run on average for 8 or 9 consecutive nights (range ¼ 5-11 nights) for a total trap effort of 2,015 station-nights on the ground and 2,015 station-nights in the understory (8,060 trap-nights total). Each trapline was sampled once between May and July 2000 or in August 2002, with the exception of 1 trapline, which was trapped in both May 2000 and August 2002. The 16 trapline sessions sampled a range of relatively closedcanopy forests typical of the area, including riverine forest (n ¼ 4), unlogged upland forest (n ¼ 8), logged mahogany stands (n ¼ 2), and vine forest (n ¼ 2).
In addition to these 16 sessions, 4 additional linear traplines were used during the pilot effort to sample the canopy fauna and were each sampled once. Again, traplines had 15 stations each, with stations spaced at 20-m intervals. At each station, a Tomahawk trap and a Sherman trap (attached to the side of the Tomahawk) were raised using a rope-and-pulley system into the canopy (see canopy trapping method below). Canopy traplines were trapped for 6-15 consecutive nights for a total of 540 station-nights (1,080 trap-nights).
In the 2nd, more intensive trapping period, 20 trapping grids were established (5 at each of 2 logged and 2 unlogged sites). Each grid consisted of 3 parallel traplines 100 m in length, set 25 m apart. Each trapline contained 5 trap-stations with 20-m spacing, for a total of 15 trap-stations per grid. For the outer 2 traplines, 1 Sherman and 1 Tomahawk trap were placed both on the ground and in the understory. The center trapline was used to sample the canopy fauna with 1 Tomahawk and 1 Sherman trap per station raised into the canopy by using the method described below. Each grid was trapped 3 times during the course of the study (with the exception of 1 grid that could not be trapped during the peak of the wet season because of flooding), once in the dry season (end of May 2002 to the beginning of August 2002), again in the early wet season (October-November 2002) , and finally during the peak of the wet season (February-March 2003) . Traps on each grid were set for 10 consecutive nights per sampling session for a total of 100 station-nights on the ground and in the understory and 50 station-nights in the canopy (500 trap-nights total) per grid. Thus, a total of 14,750 station-nights (29,500 trap-nights) were accumulated during the 2nd part of the study.
All traps were baited with fresh banana, ground raw peanuts, and oatmeal, and checked each morning. Captured animals were weighed, sexed, and, in the case of released individuals, uniquely marked with a numbered ear tag. Species identification in some cases was problematic; hence, representatives of each species were collected as vouchers. Most rodents captured in the pilot effort were collected, as were most Oecomys species captured during the 2nd part of the study. All handling and collection of the mammals used in this studied was done in a humane and ethical manner with the prior approval of the University of Toronto's Animal Care and Use Committee and met with the guidelines set forth by that organization and those of the American Society of Mammalogists (Animal Care and Use Committee 1998) . Specimens are deposited at the Museu de Zoologia da Universidade de Sao Paulo, Sao Paulo, Brazil; the Royal Ontario Museum, Toronto, Canada; and the Museu Paraense Emílio Goeldi Belem, Belem, Brazil. Species identifications were verified by experts for problematic genera (J. Patton for Proechimys, and R. Voss for Oecomys, Akodon sp. nov., and Oryzomys).
Arboreal trapping method.-The canopy trapping method made use of a 20-cm-long, 3-cm-diameter piece of wood to which 2 pulleys were attached (Fig. 1 ). Locally collected saplings were used as a wood source, although commercially milled timber would work just as well. A fencing staple (U-nail) was driven into one end of the piece of wood and a 2nd staple into the side near the other end. This 2nd staple was aligned perpendicular to the long axis of the piece of wood. Two pulleys were placed on the bottom side of the wood piece, approximately 10-15 cm apart, and positioned so that a line passed easily between them. To establish the traps in the canopy, a fishing line was 1st shot over a suitable branch by using a slingshot. Branches were selected that were as high as possible, but generally free of obstructing vegetation below. This line was used to pull a length of good-quality 2-mm-diameter parachute cord over the branch. One end of this cord was firmly tied to the fencing staple on the end of the wood piece; the other end of the cord was passed through the 2nd staple. A 2nd length of parachute cord, which served to raise and lower the traps, was passed through the 2 pulleys. The wood piece was then raised to the branch and the cord tied off firmly to hold it in place.
A Sherman trap was attached to 1 side of the Tomahawk trap by using wire or a small elastic cord. To raise and lower the traps, the pulley cord was tied to a small loop of wire attached to the top of the Tomahawk trap placed such that the Tomahawk and attached Sherman balanced when held by the wire. We used wire rather than attaching the cord directly to the trap to prevent captured animals from gnawing through the cord. The other end of the pulley cord was passed through a 2nd wire loop on the side of the Tomahawk trap and tied to the back of the Tomahawk. Passing the line through the 2nd loop and attaching this end to the back of the Tomahawk allowed the traps to be guided past vegetation and other obstructions on their way up and allowed them to be positioned in such a way that they were in contact with the branch and both traps were free to shut. We found it easiest to check traps if we attached a small piece of flagging tape to the door of the Tomahawk and a small wire flag to the door of the Sherman (see Malcolm 1991) . By varying the length of the wood piece, the distance between the pulleys, and angle of the tied-off support rope, it was possible to adjust the position of traps in the canopy. This allowed for traps to be raised to branches of different sizes and angles. With the wood pieces already constructed, we found that a trapline of 15 stations could be set in the canopy in approximately 2-3 h when using this method, including searching for suitable branches, raising the pulleys, and raising the traps.
Statistical analyses.-We wished to examine trapping success across the range of forest types sampled; hence we pooled all trap data for analysis. Details on the effects of logging on small mammal communities have been reported elsewhere (Lambert 2004; Lambert et al. 2005) . The unit of replication in statistical tests was a trapline session (n ¼ 16 for ground and understory traps, n ¼ 4 for canopy traps) or a grid session (n ¼ 20 for all 3 trap heights). For each, we standardized height-specific trap success as the number of individuals per 100 station-nights. In the case of tests between the 2 trap types, we combined all heights and calculated the number of individuals per 100 station nights. Because species-specific trap success in 1 or more units was often zero, median tests were used to compare species-specific trap success among trap heights and between trap types. Pairwise comparisons among trap heights were corrected for multiple comparisons by using the Sidak correction with a ¼ 0.05 (i.e., a result was considered significant at P , 0.017). Rarefied species accumulation curves (sensu Gotelli and Colwell 2001) were produced by using EstimateS (Colwell [1997] , at http://viceroy.eeb.uconn.edu/ estimates). We used individual-based accumulation curves rather than sample-based curves because individual-based curves are less subject to biases when the number of individuals differs between samples (Gotelli and Colwell 2001) .
RESULTS
We recorded 1,769 captures of 1,178 individuals of 8 marsupial and 17 rodent species in 19,320 height-specific station-nights (38,090 trap-nights). Overall trap success was 6.1 individuals per 100 station-nights. The Emmon's rice rat Oryzomys emmonsae (2.14 individuals per 100 station-nights) was the most abundant species and represented 20.7% of all individuals. Trap success by trap position was 9.0% for ground traps (7,850 station-nights), 4.7% for understory traps (7,850 station-nights), and 2.9% for canopy traps (3,490 stationnights). Standardized for effort, percent of captures by trap position was 54% for ground, 28% for understory, and 18% for canopy. Success by trap type was 4.7% for Shermans and 5.9% for Tomahawks.
The western woolly opossum (Caluromys lanatus) was the only species caught only in the canopy (Table 1) . Two marsupials (Metachirus nudicaudatus and Monodelphis sp.) and 7 rodents (Akodon sp. nov., Holochilus brasiliensis, Nectomys squamipes, Oxymycterus amazonicus, Proechimys cuvieri, P. goeldii, and P. roberti) were captured only on the ground. The Brazilian arboreal rice rat (Oecomys paricola) and the red-nosed tree rat (Makalata didelphoides) were taken only in the understory. Four marsupial species (Caluromys philander, Didelphis marsupialis, Marmosa murina, and Micoureus demerarae) and 4 rodent species (Oecomys catherinae, O. roberti, Rhipidomys cf. mastacalis, and Mesomys stimulax) were captured at all 3 heights. Of these 8 species, the Surinam spiny tree rat (M. stimulax) and the bare-tailed woolly opossum (C. philander) were approximately equally abundant across all 3 heights. The arboreal rice rats O. catherinae and O. roberti were each significantly more abundant in the understory than on the ground; however, no significant difference was found between the canopy and the ground or the understory and the canopy for these 2 species. The long-furred mouse opossum (M. demerarae), was significantly more abundant in the understory and the canopy than on the ground, but not significantly different in abundance between the understory and the canopy. The southern opossum (D. marsupialis) showed approximately equal abundance in the understory and the canopy and was significantly more abundant on the ground than in the canopy. The climbing rat R. cf. mastacalis was significantly more abundant in the canopy traps than on the ground, but abundances compared between the ground and understory and the understory and canopy did not differ. The murine mouse opossum (M. murina) was significantly more abundant in the understory than the canopy, but abundances were not significantly different between the ground and both the understory and the canopy. One opossum (Philander opossum) and 4 rodents (Oecomys bicolor, Oligoryzomys sp., Oryzomys emmonsae, and O. megacephalus) were captured at 2 heights. Of these, the rice rats O. emmonsae and O. megacephalus were significantly more abundant on the ground than in the subcanopy; abundances of the arboreal rice rat O. bicolor and the pygmy rice rat Oligoryzomys sp. did not differ significantly by trap height. Abundances of the gray foureyed opossum (P. opossum) did not differ significantly between the ground and understory; however, it was significantly more abundant on the ground than in the canopy. Species accumulation curves showed that ground traps captured more species per individual than traps at the other 2 heights, and that after approximately 800 individuals, the total number of species from ground traps approximated that from all traps combined (Fig. 2) . Canopy trapping contributed little to the accumulation of species richness at the site, as evidenced by the fact that that ground and understory traps accumulated species almost as quickly as all traps combined (i.e., ground, understory, and canopy traps; Fig. 3 ). Both curves showed a rapid accumulation of species up to approximately 200 individuals, and then showed a slower and almost linear accumulation of species thereafter, suggesting that our sample still had not captured all of the species at the site (Fig. 3) .
Two marsupial (C. lanatus and M. nudicaudatus) and 4 rodent species (H. brasiliensis, N. squamipes, O. amazonicus, and M. didelphoides) were captured only in Tomahawk traps and 1 species (pygmy rice rat Oligoryzomys sp.) was captured only in Sherman traps (Table 2) . Three opossums (D. marsupialis, M. nudicaudatus, and P. opossum) and 4 rodents (O. catherinae, P. cuvieri, P. goeldii, and P. roberti)
were significantly more abundant in Tomahawk traps, whereas 2 marsupials (M. murina and Monodelphis sp.) and the rice rat O. megacephalus were more abundant in the Sherman traps (Table 2) .
Species accumulation by trap type showed that Tomahawk traps captured more individuals and more species per individual than did Sherman traps (Fig. 4) . Although the slopes of both curves start to flatten at about 200 captures, the Tomahawk curve continued to angle upward even after 600 captures, whereas the Sherman curve became approximately asymptotic after 400 captures.
DISCUSSION
Small mammal abundances at our Xingú Basin site appeared to be typical for neotropical forests, where trap success normally ranges between 1% and 10% (Voss and Emmons 1996) . Small mammal species richness at Pinkaití also appears to be on par with that at other neotropical sites, where between 14 and 28 species of marsupial, murid, and echimyid rodents can be found (Patton et al. 2000; Voss and Emmons 1996) . Our data are consistent with species richness at the nearest surveyed site (the lower Xingú near Altimira; approximately 480 km from Pinkaití), where 25 species also were captured (Voss and Emmons 1996) . Studies of range maps and comparisons with the species list from the lower Xingú (Voss and Emmons 1996) indicate that despite the relatively large effort at our site, several species are likely still missing from our sample. These species include the Amazon bamboo rat (Dactylomys dactylinus), which although not captured, was observed and frequently heard at the site. Interviews with local Kayapó informants indicate the likely presence of the white-faced tree rat (Echimys chrysurus), although no direct evidence of this species was obtained. Additional possibilities include the delicate slender mouse opossum (Marmosops parvidens), the spiny mouse Neacomys guianae, the rice rats Oryzomys nitidus and O. yunganus, and the tree rats Echimys didelphoides and E. grandis. We captured at least 4 species (C. lanatus, Akodon sp. nov., H. brasiliensis, and O. catherinae) that were not found on the lower Xingú, indicating that neither survey is likely complete. These differences between the 2 sites highlight the difficulties of obtaining complete species lists at tropical sites and the need for further studies on the distributions of Amazonian species.
Our species list included numerous major range extensions, including one for the western woolly opossum (C. lanatus), whose previously known range extended only as far west as the east bank the Rio Negro near Manaus (Malcolm 1991) . This species in fact appears to range over much of Amazonia and likely has been missed at other surveyed sites, perhaps because few studies have employed arboreal trapping methods. Other species now believed to be restricted in distribution may similarly be shown through future research to be widespread. The lack of even basic knowledge on the distributions of many Amazonian species hinders our ability to understand the evolutionary origins of Amazonian diversity (e.g., Patton et al. 2000) and to select priority areas for conservation (e.g., Emmons 1999) . Faced with the rapid clearing and destruction of tropical forests worldwide, there is an urgent need for more survey work if we are to have any hope of understanding patterns of species distributions or preserving the biodiversity these forests contain.
The close proximity of the study site to areas of savanna (cerrado) raises the additional possibility of invasion of forest by grassland species. Such invasions were seen in Africa after selective logging (Struhsaker 1997 ; see also Malcolm and Ray 2000) ; however, we obtained no evidence of such invasions at this site. A brief survey (300 station-nights or 1,052 trapnights) conducted in a large cerrado area approximately 10 km from the site yielded 4 species (Thrichomys apereoides, P. roberti, Monodelphis sp., and Oryzomys scotti), of which only P. roberti was captured in the forest at this site (Lambert 2004 ). This species has been previously shown to often occupy both forest and cerrado habitats (Weksler et al. 2001 ). We also captured 1 Bolomys lasiurus in the gallery forest near the cerrado. This species is generally a grassland and cerrado species, although it has been reported to inhabit forests (Eisenberg and Redford 1999) .
Members of the genus Akodon are for the most part grassland species, although they can be found in high-elevation cloud forests and in moist forests along Brazil's Atlantic coast (Eisenberg and Redford 1999; Emmons and Feer 1997) . Ours is the 1st known record of this genus occurring in lowland Amazonian forest (R. S. Voss, pers. comm.) and represents a significant range extension for the genus (Eisenberg and Redford 1999; Emmons and Feer 1997) . Although the species that we obtained (Akodon sp. nov.) was most abundant in logged areas and areas with dense-understory herbaceous vegetation (Lambert 2004; Lambert et al. 2005) , we still frequently captured it in areas of mature, open-understory forest. Our lack of captures of this species in the cerrado, combined with numerous captures in the forest, suggest that this is truly a forest-dwelling species of Akodon. The arboreal trapping method described here appears to be the simplest and most time and material efficient yet developed. Materials were relatively inexpensive, approximately US$2.50 per trap set (i.e., U-nails, pulleys, ropes, and wood) and acquired without difficulty. The wooden device could be quickly manufactured, and once accustomed to the work, 2 people could easily establish 15 trap sets in less than 3 h. Many of the sets stayed functional for more than a year and spare parts to replace nonfunctional units could easily be carried into the field while checking traps; this is not possible with the methods of either Malcolm (1991) or Vieira (1998) because the materials are bulky. One possible disadvantage of our method is that it does not involve climbing and hence it may not be possible to set traps as high (Malcolm 2004 ). Our trap heights were similar to those reported by Vieira (1998-10 .1 versus 11.5 m); however, they tended to be lower those of Malcolm (1991-about 14 .1 m) and Hussein and Yasuda (1999-25-30 m) . However, these differences may reflect the lower canopy at our site. On average, our sets were 69% of the canopy height (SD ¼ 16.1%, range ¼ 38-97%, n ¼ 55). Thus, when using this method it was always possible to position traps at least as high as the lower level of the canopy, which is presumably sufficient to capture canopy-dwelling small mammals (Malcolm 2004) . Similar to the method of Vieira (1998) and in contrast to that of Malcolm (1991) , there was no limitation on the size of trees in which traps could be set. However, unlike the method of Vieira (1998), our method was not limited to branches that were parallel to the ground or of particular diameters. We found traps to be effective as long as they were in contact with a branch strong enough to support the unit; we were even able to set traps on large lianas (woody vines) connecting neighboring trees.
A 2nd possible drawback of our method is that animals must climb onto the trap in order to enter it. In our method, traps were positioned alongside the branch slightly below the top of the branch where animals normally climb (Charles-Dominique et al. 1981 ). This trap position was similar to that of Vieira (1998) , although traps set using his method sat even further below the branch. In contrast, traps set using the method of Malcolm (1991) were placed perpendicular to the trunk of the tree such that the door of the traps faced the tree trunk. The method of Kays (1999) places traps on top of and perpendicular to a branch. Each of these methods may show capture bias in that they do not intercept animals moving along branches. Such a bias means that animals captured may only be those that are attracted to the bait, which may limit captures of certain species that are either trap-shy or rarely drawn to bait. Some species such as tree rats (Echimys spp. and Makalata spp.), bamboo rats (Dactylomys spp. and Kannabateomys amblyonyx), and brush-tailed rats (Isothrix spp.) are rarely taken in traps, and traps placed such that they intercept frequently used routes might be more successful at capturing such species. The method of Hussein and Yasuda (1999) , which obtained relatively high trap success (about 10-15% compared to the 2-3% in our study and in Malcolm [1991] and Vierra [1998] ), made use of artificial branches attached to the bottoms of the traps, which may have in some way simulated naturally used routes and may have accounted for the higher trap success. However, some of these differences also could be attributable to faunal differences between Malaysia and South America. Side-by-side comparisons of methods should be undertaken so that the efficiency, in terms of costs and labor, and effectiveness, in terms of trap success and species accumulation, can be accurately evaluated.
We found little evidence of a distinct canopy small mammal fauna at the study site. Only 1 species (C. lanatus) was restricted to the canopy; however, this species was only captured in mature ''Pau-Preto'' (Cenostigma tocantinum) stands, which grow near the river on red soils, whereas the bulk of our trapping was conducted in mahogany stands, which tend to grow on white soils (Grogan 2001; Grogan et al. 2003) . Emmons (1984) found soil fertility to be a key correlate of small mammal density and species richness, and studies in Australia found that development of the canopy fauna was correlated with soil nutrient status (Braithwaite et al. 1983; Cork and Catling 1996) . It is possible that C. lanatus is more common at the site than examination of our data suggests, but is restricted to certain forest types. Possibly, the probability of capturing this species outside of the canopy would increase with more trapping in this forest type.
Many of the small mammal species at this site were only rarely captured on the ground; however, none was significantly more abundant in the canopy than in the understory traps. This may reflect the broken and relatively low canopy at the study site. Several studies have found a downward shift in small mammal habitat utilization as the euphotic zone shifts downward because of canopy disturbances (Malcolm 1997; Malcolm and Ray 2000; Struhsaker 1997; see Malcolm 2004) . A comparison of foliage densities at different height intervals between the Pinkaití site (Peters 2004) and Manaus (Malcolm 1998) shows Pinkaití to have a more evenly distributed vertical foliage profile. This relative lack of separation between the canopy and the understory at Pinkaití presumably allows arboreal small mammals to move freely through all levels of the forests (see also Malcolm 2004; Malcolm and Ray 2000) . In forests similar to those at Manaus, where a gap in vegetation tends to occur between the canopy and the forest floor, arboreal small mammals may be more restricted to higher levels of the forest because they are unwilling or unable to cross this gap. Such differences in forest structure may affect the usefulness of canopy trapping. In our comparisons of species accumulation between using traps placed at 3 heights (ground, understory, and canopy) compared to traps placed at only 2 heights (ground and understory), we saw little difference in the rate of species accumulation or in the number of species observed. Although the canopy trapping method described in this paper was simple and inexpensive, any canopy trapping method involves more effort and cost than simply placing traps on the ground and in the understory. We recommend that some form of canopy trapping be employed during any initial surveys at a site; however, at sites with broken or poorly developed canopies similar to Pinkaití, canopy trapping may not be necessary for longer-term studies, depending on research objectives. Interestingly, at a site in the Central African Republic that showed similar rainfall to our site and also a relatively low and disturbed canopy, the percent distribution of captures by height was very similar to ours (50% ground, 28% understory, and 22% canopy in Africa versus 54%, 28%, 18%, respectively, at our site) and understory trapping performed nearly on par with canopy trapping (Malcolm and Ray 2000) .
In conclusion, the forests surrounding the Pinkaití Research Station are home to an abundant and diverse small mammal community that shows strong similarities with the nearest sampled site on the lower Xingú; however, the community contains at least 1 undescribed species and the geographic ranges of several species were greatly extended by our sampling. The canopy trapping method described in this paper appears to be as effective as other methods used in the Neotropics and is the simplest and most efficient yet developed. However, forest structure at the site appears to render understory traps as effective as canopy traps in capturing arboreal small mammals.
RESUMO
Apesar da grande diversidade biológica, pouco se conhece a respeito da fauna dos roedores e marsupiais de várias regiões da Bacia Amazônica. A eficácia dos métodos utilizados para inferir a riqueza de espécies também é pouco estudada. Este trabalho tem como meta: apresentar os resultados da captura de pequenos mamíferos em áreas ainda não estudadas na Bacia do Rio Xingú, região sudeste da Amazônia, Pará, Brasil; fornecer detalhes sobre uma nova metodologia de captura em árvores; e comparar a diversidade das espécies utilizando-se diferentes tipos de armadilhas em diferentes alturas. Os pequenos mamíferos foram capturados com armadilhas colocadas em três alturas diferentes da floresta: no solo, no sub-bosque (1-3 m de altura), e no dossel (altura média ¼ 11.5 6 3.2 m, intervalo ¼ 4.8-16.8 m, n ¼ 76 estações de captura). Foram registradas 1,769 capturas, totalizando 1,178 indivíduos representando 8 espécies de marsupiais e 17 de roedores em um esforço amostral de 38,090 armadilhas/noite (ou 19,320 estações-noite), cada estação-noite consistiu de uma armadilha Sherman e uma Tomahawk em uma determinada altura por noite). Em média, foram capturados 6.1 indivíduos por 100 estações-noite. Em relação ao posicionamento das armadilhas, as armadilhas colocadas no solo tiveram o sucesso de captura de 9.0% (7,850 estação-noites), 4.7% no subosque (7,850 estação-noites), e 2.9% no dossel (3,490 estação-noites). Quanto ao tipo de armadilha, o sucesso de captura foi de 4.7% para Shermans e 5.9% para Tomahawks, no entanto, as armadilhas Tomahawks demonstraram uma acumulação mais rápida de espécies. As curvas de rarefação de espécies não mostraram uma grande aumento da diversidade com a inclusão de armadilhas no dossel, o que atribuímos à grande variabilidade no estrutura vertical da vegetação na área estudada. Sugerimos que, a longo prazo, apenas armadilhas no solo e no sub-bosque sejam utilizadas quando o dossel da floresta for baixo ou fragmentado. Entretanto, capturas no dossel deve ser realizadas na fase inicial dos levantamentos para que o uso de armadilhas em árvores possa ser melhor avaliada.
